Introduction
Are two heads better than one? Aggregating group-level decisions are considered to be superior to individual decisions when response accuracy is considered. This is so-called the wisdom of crowds' effect.
Researchers have investigated the factors that may influence the decision performance when two observers (Bahrami et al., 2010) work together on perceptual decision-making. For example, Bahrami et al., (2010) found that two heads were definitely better than one if two observers had nearly equal visual sensitivity and communicated freely. Once if one observer had much higher sensitivity than the other, group decisions would be worse than individual decisions.
However, previous studies made inferences primarily based on the accuracy-based measures. It is still unclear whether group decisions are more efficient than individual decisions. An efficiency assessment requires both response time and accuracy measures to be jointly considered. Therefore, we applied a novel and diagnostic reaction-time tool, systems factorial technology (SFT, Townsend & Nozawa, 1995) to study the efficiency of group decision-making by assessing the measure of processing capacity. The group-level capacity is defined as the ratio of the observed group processing efficiency to the baseline performance predicted from the unlimited-capacity independent parallel model assuming that individuals work independently. Presumably, groups with high efficiency would exhibit large processing capacity, i.e., supercapacity.
Two experiments were conducted. An oddball detection task as used in Bahrami et al. (2010) and a Gabor patch detection task as used in Barr and Gold (2014) were tested in separate experiments, respectively. If there is a group advantage in decision-making, we would expect to observe capacity value to be larger than 1, suggesting supercapacity processing. In addition, we would expect a positive correlation between the accuracy-based measure and workload capacity.
Method
Participants. 30 and 28 undergraduates at National Cheng Kung University participated in Experiments 1 and 2, respectively. All the participants signed a written informed consent prior to the experiment.
Stimuli, Design, and Procedure. Both experiments included three test conditions: (1) individual decisions, (2) group decisions without communication, and (3) group decisions with communication. In Experiment 1, participants were required to decide which of the consecutive presented displays contained an oddball Gabor patch. The target contrast was manipulated by adding 1.5%, 3.5%, 7% or 15% to the background Gabor patches, which allowed for the estimation of the detection sensitivity. In Experiment 2, participants were required to detect a Gabor patch embedded in the Gaussian white noise background with four different levels.
Results
First, we calculated the detection sensitivity for each test condition by fitting the psychometric function to the data and then we compared the detection sensitivity of group decisions with communication (Sdyad) and the maximum detection sensitivity of the two individuals when they performed the task together but without communication (Smax). Second, we adopted SFT to calculate the workload capacity C(t) by dividing the sum of the reverse cumulative functions of the two individuals to that of the group with communication condition.
Our results of Experiment 1 showed that there were larger individual differences in Sdyad/Smax, suggesting that some pairs of participants showed group advantage but some did not show this effect. By relating Sdyad/Smax and Smax/Smin, we found a linear relationship and suggested that only when two observers had similar detection sensitivities, group decisions were superior to individual decisions. The capacity results also showed that for most of the pairs, group decisions were of supercapacity processing. Similarly, Experiment 2 replicated the results of Experiment 1 with all the pairs had Sdyad/Smax greater than 1 and C(t) larger than 1, suggesting supercapacity processing.
Discussion
In the present study, we adopted a theory-driven model-based measure, workload capacity, to assess the processing efficiency in group decision-making. Our results were in agreement with the findings using the accuracy-based measures. We suggest that workload capacity can be regarded as a diagnostic measure to study the dynamic processes of group decision-making.
